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ABSTRACT 
Computer algebra systems are programs that 
manipulate both symbols and numbers and so can 
reduce the tedium of algebra in the same way 
calculators can reduce the time and work involved in 
arithmetic. Some systems combine a wide ranqe of 
mathematical functions with graphing capabilities. 
As such they have the potential to reduce the time 
students spend calculating algorithms, allowing more 
time for concept development, which is enhanced by the 
ability of the program to concurrently represent 
mathematical functions graphically. 
Originally computer algebra systems were only 
developed for mainframe computers, but in recent years 
several systems have become available for micro-
computers. These systems are being introduced to 
mathematics teaching at tertiary level. This study 
considered some aspects of their introduction at 
upper secondary level in Western Australia. 
Two systems were identified as suitable for use 
in schools and one of these, Derive, was considered in 
some detail. It was found that the utilities available 
within the program were applicable to most areas of 
the new upper school mathematics curricula due for 
introduction in 1991. 
A small group of mathematics teachers was 
administered a demonstration and given hands-on 
ii 
exercises with Derive, then their views sought via a 
questionnaire on the introduction of such programs. 
Their response was generally positive. They believed 
the programs had the potential to improve mathematics 
for both students and teachers, if applied sensibly. 
The introduction of the program would have to be 
supported by extra cCJmputing resources and training 
for some teachers. The way the programs were applied 
would be critical; they must stimulate students' 
mathematical thinking, not merely do the work for 
them. 
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CHAPTER 1 
INTRODUCTION 
The software packages known as computer algebra 
systems are specialised tools to aid algebraic 
manipulation. A system consists of a collection of 
functions to perform tasks in various mathematical 
topics, for example, calculus, trigonometry, or vector 
algebra using both real and complex numbers. 
Cornpute.t' algebra systems differ from the more 
readily available numerically based software in that 
they can manipulate and calculate with symbols without 
needing to initially assign each symbol a numerical 
value. The ability to manipulate symbols as well as 
numbers gives computer algebra systems several 
advantages for mathematicians over purely numeric 
software: 
1. Computer time can be used more economically by 
simplifying expressions algebraically. 
2. Answers are exact, as errors due to rounding are 
not introduced during calculations, for example, a 
long algorithm performed numerically that requir·es 
several operations with w can have a significant error 
if the value assigned to w by the program is rounded 
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to a few places. 
3. By outputting an algebraic expression, the 
program can show relationships in a situation that are 
not apparent when the 'answer' is only a string of 
digits. 
4. The strength of most mathematical techniques lies 
in their generality which relies on the use of symbols 
rather than specific values. 
5. Interactive computer algebra systems can be used 
to relieve the work in mathematics involving algebraic 
manipulation in the way calculators are used to 
relieve the tedium of purely numeric calculations. 
The greater computational power of computer 
algebra systems means they require more memory than 
most numerically based mathematics software. The 
systems have been available for about twenty years but 
they were developed initially only for mainframe 
computers. Few people who were not involved in high 
level mathematical research knew they existed, and 
their minimal educational use was restricted to 
advanced tertiary students. 
In 1976 Stouternyer and Rich took a 'maths. for 
the masses' approach and commenced development of 
muMath, a surprisingly powerful computer algebra 
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system for use on some of the very small home 
computers then available (muMath-83 reference manual, 
1983). This system has since been upgraded and 
developed for currently popular micro-computers using 
MS DOS and CP/M-80 operating systems, for example, IBM 
PC and Apple II machines. muMath has an extensive 
range of capabilities and has been used for teaching 
mathematics (Heid, 1988; Newton, 1987). However, 
muMath still has some problems that reduce its ease of 
use as a teaching aid. Output is single line which 
makes fractions and exponential expressions difficult 
to read. Where results can be expressed in different 
ways, for example in complex number or trigonometric 
form, control variables are available to choose the 
most suitable format, but their use is complicated. If 
these variables are not set correctly, answers will 
often be in a form that is meaningless for secondary 
students. 
Even with its faults, muMath demonstrated that 
worthwhile computer algebra systems could be run 
without the extensive memory of mainframe computers. 
Since that time several systems have been developed 
for current micro-computers with one megabyte or 
greater RAM. These are easier to use than muMath, have 
multi-line output that is easier to read and several 
have two and three dimensional graphing capabilities 
which greatly extends their use as a visual aid to 
increase students' understanding. Some examples are 
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Derive, Maple and Mathematica, reviewed by Foster and 
Bau (1989). A likely trend in the future is that many 
of these capabilities will be built into hand-held 
calculators. Already the more powerful Hewlett Packard 
and Sharp calculators handle some symbolic 
rnanipulaton. 
Computer algebra systems are currently being 
introduced into mathematics teaching at tertiary 
level (Action Group 5, 1984). This is partly because, 
as these systems are becoming more widely used, 
students need to know how to use them, but more 
importantly, they have the potential to improve 
mathematics education. It is believed that by reducing 
the time students must spend on algebraic 
manipulation, more time can be spent on concept 
development. Also, the interactive nature of the 
systems makes them ideal for improving problem solving 
skills. It is quick and easy to investigate ideas. The 
reduction in time taken to perform calculations and 
the removal of arithmetic errors encourages students 
to try many approaches to a problem. The graphing 
capabilities give students a visual concept of what is 
happening within functions that extends overall 
understanding and allows students to more easily 
relate the mathematics to practical applications. If 
the functions available in computer algebra systems 
apply to the topics of upper school mathematics, their 
potential to improve mathematics teaching at this 
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level should be considered. 
1.1 Related Research 
The development and professional use of computer 
algebra systems is well documented (Hosack, 1986; 
Laos, 1982; Pavelle, Rothstein & Fitch, 1981; van 
Hulzen & Calmet, 1982; Wang, 1984; Wolfram, 1985; Yun 
& Stoutemyer, 1980). Articles referring to their use 
as tools for education are less numerous. 
Those writers who consider the educational 
perspective in any depth can be divided into two 
groups. The earlier writers discuss the potential of 
computer algebra systems in a theoretical way 
(Stoutemyer, 1979). More recently a small number of 
papers have appeared which consider the benefits and 
problems involved with actual attempts to impl~ment 
courses geared to make effective use of computer 
algebra systems. 
Wilf \1982) realised early on the possibilities 
for using computer algebra systems in education. He 
noted that these programs would bring a similar 
dilemma to tertiary level mathematics as calculators 
had to the elementary school. Universities and 
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colleges would have to decide if they would accept the 
programS into their teaching methods and help. students 
make effective use of them, reject them completely or 
choose some intermediate situation where access is 
limited to some students for restricted topics. 
By 1986, Small, Hosack and Lane of Colby College, 
were looking at more specific ways to introduce 
computer algebra systems to extend understanding of 
concepts, and therefore improve the teaching of 
calculus, if not reduce the coverage time. Small 
!1986) says: 
Too much time in undergraduate mathematics is 
spent carrying out routine algorithmic 
manipulations (which students do not remember) at 
the expense of conceptual understanding and 
appreciation of mathematical processes.(p. 423) 
Since by that time, computer algebra systems were 
becoming widely available that could perform many of 
the operations of calculus, linear algebra and 
differential equations, he believed their use would 
have several results: 
1. Studellts will try to concentrate on learning 
concepts and procer:ses rather than algorithms as they 
do now. 
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2. Students will become more actively involved in 
mathematics exploration rather than regarding 
themselves as passive receivers of a fixed body of 
knowledge. 
3. Students will spend more time thinking about the 
overall problem when the computational effort is 
reduced. 
4. More realistic examples can be used, not only 
those for which the figures work easily, making 
mathematics more relevant and motivating. 
5. Since computer algebra systems allow numerical 
approximations and symbolic methods to be used in 
conjunction, they offer a full range of the computer 
capabilities used in the mathematics curriculum and 
can be used by students who have not learnt 
programming. Hence they offer broader advantages than 
most computer packages. 
Small goes on to describe the use of computer 
algebra systems in some topics at Colby, for example, 
finding critical points and extrema, and power series. 
The emphasis is on providing examples that increase 
the students' understanding of a topic but are not 
normally used because of their computational 
complexity. Beyond demonstrating that students can 
handle these more illuminating examples using a 
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computer algebra system, Small does not attempt to 
claim that computer algebra systems actually improve 
mathematics teaching. He puts forward the result as a 
'springboard' to initiate further discussion within 
the mathematics community. 
Newton (1987). working at secondary level with 
the Victorian Ministry of Education reiterated the 
view that computers using a computer algebra system 
such as muMath could have a similar effect on 
traditional approaches to algebra, geometry, 
trigonometry and calculus as the calculator had ~n the 
elementary mathematics curriculum. Possibly because 
Newton realised computer algebra systems were not 
available in most schools, he went on to give Basic 
programs. to allow the computer to be used in school 
topics such as limits of finite series, derivatives, 
and maxima and minima problems. A computer algebra 
system would perform all these functions without the 
need to input each program and most computer algebra 
systems also include graphing capabilities that can 
demonstrate visually what is happening. 
Concern is often voiced that the introduction of 
computer algebra systems could lead to a reduction of 
students' algorithmic skills. Recently, Heid {1988) 
undertook an extensive study of the effects of using 
the computer to present concepts before skills 1n an 
introductory calculus course. She questions the 
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basing of calculus courses around the teaching of 
skills when these can be performed more easily and 
quickly by computers and her study was designed to 
find the impact of a de-emphasis of algorithmic skills 
on student understanding of mathematical conceptsa 
An experimental group, using muMath and locally 
developed graphing programs, was given a course that 
concentrated on concepts for the first twelve weeks of 
semester, then skills only for the last three weeksa 
These students were compared with a traditional class 
for whom ~lgorithmic skills were taught as concepts 
were introduced. Hied ( 1988) found the following: 
Introductory calculus students in the re-
sequenced course were able to understand the 
concepts of calculus when their primary means of 
obtaining derivatives, integrals and graphs was 
to use the computer as an algorithm processing 
machinea There was evidence that the students in 
the experimental classes understood concepts as 
well as, and in most cases better than, the 
students in the traditional version of the 
course. After only three weeks of work on 
traditional skills at the end of the semester, 
the experimental classes, which had met 150 
minutes per week, performed about as well on the 
final examination (a skills test) ae. the class 
that had met 200 minutes per week and had 
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concentrated on the skills for the entire 
semester. ( p' 22) 
Heid's results support the view that computer 
algebra systems can increase students' understanding 
of mathematical conceptions without corresponding loss 
of skills which strengthens the case for their 
consideration for education in Western Australia. 
1.2 Problem Statement 
Could current computer algebra systems play a 
useful role in the teaching of secondary mathematics 
and is their introduction in Western Australian 
schools feasible? 
To answer these questions requ~res addressing the 
following sub-issues: 
1. What are the specifications of the computer 
algebra systems currently available for. micro-
computers in terms of their: 
• capabilities, 
• ease of use for both teachers and students, 
• cost, 
• hardware requirements? 
(2) To what degree do computer algebra systems 
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accomodate the topics covered in the Years 11 and 12 
mathematics curriculum? 
(3) What educational benefits and problems are likely 
to be encountered with the introduction of computer 
algebra systems? 
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CHAPTER 2 
METHODS 
2 .1 sequence 
Information about computer algebra systems 
currently available was obtained from software 
suppliers. technical reports and tertiary mathematics 
teaching staff. 
The degree of correlation between computer 
algebra systems and the topics of upper school 
mathematics was answered by consideration of Western 
Australian curricular material and the specifications 
of available programs. The new syllabi, (Secondary 
Education Authority, 1989), due for introduction in 
1991 and 1992 were considered rather than the existing 
Mathematics I, II and III courses. 
The system Derive was used to ascertain the 
feasibility of introducing computer algebra systems to 
schools. Derive was chosen as an example of a computer 
algebra system for this study for two reasonsa The 
first was its relevance to teachers, who generally 
have easier access to PC compatible computers. 
Secondly, except for its graphing capabilities, Derive 
was reported to be the least cophisticated program 
considered, so if it was found to meet curriculum 
requirements, then the others could also be expected 
to do so. The experience gained by the author with 
Derive indicated areas of potential difficulty and 
benefits for teachers introducing a computer algebra 
systems to their classroom. 
A workshop was prepared to introduce a group of 
mathematics teachers to the program~ This session was 
designed to give the teachers an introductory overview 
of the range of capabilities of the program via a 
modified version of the demonstration files supplied 
with the program and took approximately one hour. (See 
Appendix 1.) Each teacher then individually used the 
program to undertake some mathematical tasks, for 
example, different types of factoring, two and three 
dimensional graphing (see Appendix 1) to allow them to 
form an opinion on its ease of use for themselves and 
their students. This session format was chosen because 
studies by Henry and Holtan (1987) found that when 
time was limited, novice computer users benefitted 
most from an introductory demonstration. In this case 
some extra hands-on experience, of limited scope, was 
considered essential for the teachers to make 
judgements on the user-friendliness of the software. 
The total presentation attempted to be unbiased and 
non-judgemental, and teachers were not encouraged to 
share their opinions of the suitability of the package 
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for teachi~-,g purposes, although there was a small 
amount of discussion between group members during the 
session. 
A questionnaire, including Likert scales (see 
Appendix 2) was used to gain the teachers' perceptions 
of benefits and difficulties involved with introducing 
such a system into their teaching. A Likert scale was 
used as an appropriate measure of attitudes in 
mathematics (Leder, 1985). Unfortunately there was 
insufficient time to trial the questionnaire. The 
questions related to how the teachers perceived using 
the system would influence the following factors: 
• students' acquisition of concepts and skills, 
• teaching methods, 
• the curriculum, 
• teachers' work loads and need for additional 
training in computer use, 
• students' attitude to mathematics. 
Two teachers from the original group being surveyed 
were interviewed at a later date, and the results 
taped and analysed to check the validity of the 
questionnaire. 
2.2 Population 
The teachers were eleven members of the 
mathematics departments of two Perth suburban senior High 
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Schools who were willing to cooperate with the study~ 
Industrial action that commenced during the time of 
the study reduced the number of schools and teachers 
prepared to participate. 
CHAPTER 3 
RESULTS 
3.1 Computer Algebra Systems Currently Available 
for Micro-computers 
Four computer algebra systems were found to be 
currently available for micro-computers. Others are 
under development, for example, Microcalc, for which 
some functions have been written and a micro-computer 
version of the existi~g Macsyma is expected to be 
released soon in the United States of America. The 
programs considered here are Maple, Mathematica, 
Reduce and Derive. For details of suppliers and prices 
see Appendix 4. 
The programs all include a range of symbolic 
algebra functions for performing calculus, solving 
equations and handling vectors and matrices (see Table 
3.1.1). 
All the programs except Derive also include a 
programming language so the user can extend or modify 
the functions supplied for particular applications. 
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3 .1.1 Maple 
Maple was designed to be used by large classes of 
school and university mathematics students and has 
been under development at the University of Waterloo 
in Canada since 1980 (Char, Geddes, Morven Gentleman & 
Gannet, 1984). It is a compact and portable system 
with a powerful set of utilities for symbolic 
mathematical computation. It can generate cartesian, 
parametric and polar two dimensional plots with zoom 
facilities (Carminati & Dunne, 1989). Maple is 
relatively easy to use with Pascal-like syntax and 
excellent on-line helps. It also comes with a 115 page 
tutorial introduction and a 403 page reference manual 
which includes examples (Char, Geddes, Gannet & Watt, 
1985). 
Maple is available for many computers including 
Macintosh and Amiga 1000 but not PC/MS-DOS machines 
because of the limited address space of the 8086 CPU. 
Maple conserves main memory by having a system kernel 
and a library of mathematical routines. It requires at 
least one megabyte of memory to run and two megabyte 
is recommended. On a Macintosh SE, Maple somet.imes 
crashes unexpectedly, apparently due to memory 
overflow. 
17 
Mathematica 
Mathematica is an integrated package, released in 
1988 which combines symbolic manipulation, numeric and 
graphical calculations. It has features allowing the 
integration of mathematical input and output with text 
and graphics which can be used to prepare mathematical 
documents for printing or to set up interactive 
lessons. The excellent two and three dimensional 
graphing capabilities that allow the animation of 
mathematical equations are a feature of this package. 
A programming language is included with the ability to 
define rules that can be implemented later by the 
system whenever applicable. 
Mathematica has a broad range of symbolic 
manipulation functions but lacks some of the features 
available in Maple, for example, it has no built-j.n 
rules for simplifying trigonometric forms or complex 
expressions and its statistical functions are limited. 
The program is still under development and extra 
features are being added to new versions, but users 
have expressed concern that there may be subtle faults 
that have not yet been eliminated. Versions of 
Mathematica are available for a wide range of 
computers. Each has a specific machine-dependent part 
of the program written to make use of the human 
interface features of that type of computer making 
Mathematica very user-friendly. The package comes with 
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a general 749 page text and a machine-specific 
instruction booklet. There are extensive online help 
facilities. 
3.1.3 Reduce 
Reduce was originally developed in 1963. It is 
written in Lisp and is very portable between different 
types of computers and is widely used by scientific 
and engineering institutions. An extensive digital 
library of programs has been built up by the 
developers and is available through electronic mail to 
users. Reduce is available for many computers, mostly 
mini and mainframes but there are versions for Acorn 
Archimedes, Atari ST, Macintosh and PC/MS-DOS 
computers. Reduce has algebraic and calculus commands 
but the micro-computer versions have no graphics and 
few of the inbuilt symbolic manipulation functions 
available with the other programs discussed here. The 
package appears to be designed for progammers to 
develop their own algorithms and would require a 
knowledge of Lisp to make use of the package's 
potential. 
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3.1.4 Derive 
Derive is a less mathematically sophisticated 
package than Maple or Mathematica and requires less 
memory to run. It has a range of arithmetic and 
symbolic manipulation functions (discussed in greater 
detail below) and two and three dimensional graphing 
capabilities. Derive has a menu-driven user interface 
and a close to normal mathematical syntax that makes 
it easy for novices to use. It has online help and is 
supplied with a 126 page manual which includes 
examples (Derive: ~mathematical assistant, 1989). 
Derive is available for PC/MS-DOS and NEC PC-9801 
compatible computers. It will run on 512 kilobyte 
although 640 kilobyte is recommended. 
3.1.5 Overview 
The functions common to most programs are listed 
in Table 3.1.1. These are perfor.med with different 
degrees of capability and all programs include various 
other functions. 
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Table 3.1.1 
Selected Capabilities of Computer Algebra Systems 
Function De-
rive 
Integration/ X 
differentiation 
Matrix manipulation X 
Systems of linear X 
algebraic equations 
Systems of nonlinear 
equations 
Ordinary diffe-
rential equations 
Vector equations 
Laplace transforms 
Inverse Laplace 
transforms 
High-level language x 
output (e.g., Fortran) 
Generation of 
numerical code 
2-D plotting 
3-D plotting 
X 
X 
Maple Mathe-
matica 
X X 
X X 
X X 
X • 
X 
# # 
X X 
X 
X X 
X X 
X 
x Performed directly by the program or an 
accompanying add-on package. 
• Only polynomial equations • 
Only in specific coordinate systems. 
Re-
duce 
X 
X 
X 
X 
X 
Note: Adapted from "Symbolic manipulation programs for 
the personal computer" by K. R. Foster and H. H. Bau, 
1989, Science, 243, p. 679. 
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3.1.6 Discussion 
Of the four programs located the author 
considered only two were suitable for use at secondary 
school level. Reduce was considered unsuitable because 
it is geared to users with advanced programming 
skills (Flanders, 1988). Mathematica contains 
excellent features for use as a teaching tool. These 
include being able to show in animation how two and 
three dimensional functions vary with time, which 
would be particularly useful in modelling physical 
systems. The computer could be used to demonstrate 
abstractly the action of a range of functions in a way 
that otherwise can only be shown by video or time 
lapse photography for specific situations. The ability 
to combine mathematical input and output with text and 
graphics would be useful for teachers preparing 
individualised instruction packages or for students to 
undertake and present their findings of 
investigations. However, Mathematica was considered to 
be too expensive and to have too large memory 
requirements to be suitable for most schools at this 
time. 
If micro-chips are made more powerful in the 
future, the extended features of Mathematica are 
likely to be the nor~ for symbolic manipulation 
programs running on computers~ and present standard 
computer algebra systems functions will be available 
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• 
on cheap hand-held calculators~ 
Since many schools already have Macintosh or PC 
compatible computers Maple and Derive could be 
considered for use in secondary schoolse 
3.2 The upper-school mathematics curriculum for 
tertiary-oriented students in Western Australia 
Six new courses are to replace the current 
Mathematics I, II and III courses for year eleven and 
twelve students, beginning in 1991~ The new curriculum 
aims to "provide mathematics as an organi~ed body of 
knowledge that will provide students with a sound 
basis for later work in mathematics and other 
subjectse" (Secondary Education Authority, 1989, p~ 
2>. The courses Foundations of Mathematics, Geometry 
and Trigonometry and Introductory Calculus are 
accredited for year eleven. Discrete Mathematics, 
Calculus, and Applicable Mathematics are accredited 
year twelve Tertiary Entrance Score courses~ The 
content of each is briefly summarized as follows: 
Foundations of Mathematics 
• Projects, Problem Solving, and Investigations 
23 . ·~~ . 
• Space and Measurement: 
• Function: 
graphs 
equations 
• Data analysis 
Introductory Calculus 
• Powers and Polynomials 
trigonometry 
analytical geometry 
• Exponentials and Logarithms 
• Differentiation, Applications of Differentiation 
• Integration, Applications of Integration 
Geometry and Trigonometry 
• Applications of Trigonometry and Radian Measure 
• Trigonometric Functions 
• Vector Geometry in the Plane 
• Vector Geometry in Space 
Discrete Mathematics 
• Projects, Problem Solving and Investigations 
• Data Analysis 
• Optimisation 
• Growth and Decay 
Calculus 
• calculus of Trigonometry 
• Functions and Limits 
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• Theory and Technique of calculus 
• Application of Calculus 
• Vector calculus 
• Complex Numbers 
Applicable Mathematics 
• Systems of Linear Equations and Matrices 
• Graphs and the Solution of Equations 
• Descriptive Statistics 
• Sets, Counting and Probability 
• Random Variables and their Distributions 
(Secondary Education Authority, 1989) 
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3.3 The Applicability of Derive ~ the Upper School 
Mathemati~~ Curriculum 
Derive's mathematical utilities (Derive, ~ 
mathematical assistant, 1969) and their application to 
the curriculum are considered below. In the following 
examples the exact screen output has been shown, where 
lines commencing 1: are the input to the program and 
subsequent numbers show the program's response after 
simplification or other manipulations have be~n 
carried out as discussed. 
3.3.1 Arithmetic Functions 
The arithmetic functions of Derive could be used 
in all courses in place of a calculator. Derive uses 
as many digits as necessary for exact arithmetic. 
1: 60! 
2: 83209871127413901442763411832233643807541726' 
'06361245952449277696409600000000000000 
Initially all arithmetic operations use exact rational 
arithmetic 
1 1 
1: + 
2 6 
2: 2 
3 
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For approximations the degree of precision can be set 
by the user 
3: 0.6666666666 
The variable accuracy could be used to enhance 
students' concept of irrational numbers beyond what is 
possible with a calculator and to dernonstate the 
errors that can arise due to rounding or truncation. 
3.3.2 Algebraic Functions 
The algebraic functions are also of general use 
in all courses. The syntax of the algebra functions 
closely resembles classroom mathematics, for example, 
when character input mode is set, variables can be 
single letters and a * or space is not needed between 
them to indicate multiplication, that is, xy is 
treated as x times y. Any letters from the English 
a'lphabet can be used as variables and on PC compatible 
computers some Greek letters may also be used. These 
are entered easily by pressing the Alt key before the 
equivalent English letter, eg, Alt S - o, Alt B - $. 
Variables are displayed in lower case. 
The program simplifies or expands polynomial, 
trigonometric and rational expressions when requested. 
2 2 
1: 
X - 2 X y • y 
2 2 
X - y 
2: 
X - y 
X • y 
27 
The user may choose the degree of factoring 
undertaken, ranging_from trivial to complex. 
5 3 1: 2 X + 12 X + 18 X 
Trivial 
2: 4 2 2 X (X + 6 X + 9) 
Squarefree 
3 : 2 2 2 x (x + 3) 
Complex 
4: 2 X (- X + ~3 i) 2 (X + ~3 i) 2 
Derive can handle infinity. 
1: 2 w 
2: w 
3: (- w) 3 
4: - w 
When errors could occur with the use of infinity, for 
example, expressions that would simplify to a result 
with unknown phase, and possibly finite or infinite 
magnitude, a question mark result is displayed. 
1: 
2: ? 
The default domain of variables is Real but can 
be declared otherwise when necessary, for example, 
x/x = 1 assumes x is finite. 
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Equations and inequalities can be solved. 
1: SOLVE (3 x + 10 y < 5, x) 
2: X S: -
5(2y-1) 
3 
Equations can be added, divided etc. before solution. 
2 1: y = X + 5 X + 10 
2 2: 2 y = 3 X + 4 X + 9 
2 2 3: (2 y = 3 X + 4 X + 9) - (y = X + 5 X + 10) 
2 
4: y = 2 X - X - 1 
5: X = 
6: X = 
/"(8y+9)-1 
4 
/"( 8 y + 9) + 1 
4 
These features are applicable in all courses but the 
use of inequalities is particularly relevant to 
Applicable Mathematics. 
Constants and functions can be defined and in all 
following occurrances they are replaced by the 
constants or terms. 
2 1: AREA_CIRCLE (r) := n r 
2: v = h AREA_CIRCLE (2) 
3: v=4hn 
The ability to define constants and functions would be 
most useful in Geometry and Trigonometry, Introductory 
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Calculus. and Calculus. 
The ability to undertake complex arithmetic. to 
simplify complex numbers to rectangular form. and to 
choose complex branches will be applicable to the new 
Calculus course. 
Choosing the principal branch. 
1: 
2: 
8 
1/3 (- l 
1 + v'"3 i 
Simplifying and approximating a complex fraction 
1: 4 + 3 1 
-2 + 2 1 
2: 1 7 i 
4 4 
3: 
-0.25 - 1. 75 1 
Unfortunately the function Cis 8 = Cos 8 + iSin 8 
is not built into the program. It can be declared as a 
function and Derive automatically replaces any input 
of Cis with Cos + iSin, which allows some manipulation 
of complex numbers in polar form. but the reverse 
transformation cannot be defined. 
3.3.3 Functions 
A wide range of mathematical functions and 
constants are already available in Derive. These 
include the exponential and logarithmic functions 
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which could be used in Introductory Calculus, Calculus 
and in Discrete Mathematics where the properties of 
exponential functions are used to study continuous 
growth and decay. 
2: 
1: 
2: 
_x k + y k 
e 
3 LN ((x y) ) 
3 LN (x) + 3 LN (y) 
Derive's trigonometric functions can be entered 
in either degrees or radians, but all inverse 
trigonometric functions use radian measure. Conversion 
can be achieved by dividing by degrees: 
1: ATAN (1) 
2: 0.785398 
ATAN (1) 
1: 
• 
2: 45 
Students taking Foundations of Mathematics, who do not 
cover radian measure, could be confused by output in 
an unfamiliar unit. 
The Manage Trigonometry commands are used to 
control the expansion or collection of terms in angle-
sum and product transformations. Non-standard notation 
is used for powers of trigonometric functions. 
1: cos (a + b) 
2: COS (b) COS (a) - SIN (b) SIN (a) 
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3: SIN ( 3 x) 
4: 2 4 SIN (x) COS (x) - SIN (x) 
Piecewise continuous functions are available, for 
example, ABS (x), the absolute value of x, and SIGN 
(X), the sign of x. Some of these functions are 
investigated in Calculus. 
The imaginary unit i = ~(-1) can be entered using 
Alt-I to use the complex variable functions such as 
ABS (z) which returns the distance between z and the 
origin in the complex plane. Other complex variable 
functions are PHASE (z), the principle phase angle of 
z, CONJ (z)f the complex conjugate of z, IM (z), the 
imaginary part andRE (z), the real part of z. 
1: 11 + i I 
2: {"2 
3: PHASE (1 + i) 
4: 
n 
4 
These functions would be useful in Calculus. 
Derive has probability, statistical and financial 
functions such as AVERAGE (nl, D2r•••) giving the 
arithmetic mean, VAR (nl, n2, ••• ) the variance and FIT 
(m), the least squares fit of an expression to the set 
of data points in the matrix m. These functions will 
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be applicable in Foundations of Mathematics, Discrete 
Mathematics and Applicable Mathematics. 
The calculus functions include limits, which may 
be taken from above or below and to positive or 
negative infinity. 
1: lim 
n-..-... 
a 
2: e 
Differentiation returns the partial derivative of a 
function with respect to the requested variable. 
d 3 
1: ( ( 2 t + 3 ) + SIN ( 3 t) ) 
dt 
2 
2: 3 cos (3 t) + 6 (2 t + 3) 
Taylor polynomial approximations can be found. 
1: TAYLOR (COS (2 xl, x, 0, 6) 
6 4 
4 X 2 X 2 
2: + - 2 X + 1 
45 3 
When integrating, the definite integral of an 
expression is approximated by an extrapolated adaptive 
Simpson's rule when numerical end points are given. If 
not, Derive attempts a closed form solution and if 
endpoints are not entered, the antiderivative is 
returned. 
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n 
J 2 1 : SIN (3 xl dx 
-n 
2: 
J SIN (3 2 3: X) dx 
X SIN (3 X) COS (3 X) 
4: ---
2 6 ' 
A point that is likely to concern teachers is that 
Derive does not add an arbitrary constant of 
integrationv and the user may need to add a different 
constant for each integration to avoid cancellation. 
students need to be aware that errors can occur 
in integration if the integrand or its derivatives 
have a discontinuity or singularity at any value in 
the domain. Derive will display the message "Dubious 
Accuracy" if it recognises this situation. The program 
can be used to locate such critical points by using 
the soLve command to find zeros of the integrand's 
common denominator, or by plotting the integrand over 
the interval. 
3.3.4 Vectors ang Matrices 
Derive handles vector and matrix arithmetic and 
algebra. This could have some application in Geometry 
and Trigonometry for vector geometry in the plane and 
- ' 
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in Calculus for vector calculus, but will be most 
applicable in Applicable Mathematics where matrices 
and the solution of simultaneous equations is covered. 
Derive can put a matrix into row-eschelon form 
(Gaussian elimination). 
To solve the simultaneous equations 
x + y + 2z = 9 
2x + 4y - 3z = 1 
3x + 6y - Sz = 0 
[ 1 1 2 9 ] 1: ROW_ REDUCE 2 4 -3 1 
3 6 -5 0 
[ 
1 0 0 1 ] 2: 0 1 0 2 
0 0 1 3 
that is 
X = 1 
y = 2 
z = 3 
The inverse of 2 x 2 matrices are used to solve 
systems of two linear equations in two unknowns in 
Applicable mathematics. To solve 
3x - 2y = -1 
Sx + 6y = 17 
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1: -: r. [ -1 ] 17 
2: [ : ] 
that is 
X = 1 
y = 2 
3.3.5 Plotting 
Derive allows visual reinforcement for many 
mathematical concepts by plotting the real numeric 
values of expressions containing one or two variables. 
The expressions can be plotted using the plot 
window that overlays the whole screen and would be 
most useful for classroom demonstrations (see Figure 
3.3.5.1). The split window, which can be horizontal or 
vertical depending on which is most suitable for the 
type of function, allows both the expressions and the 
plot to be seen simultaneously and may be more 
suitable for individual interactive student use Csee 
Figure 3.3.5.2). 
On the 20-plot screen, the coordinates of a 
moveable cross are displayed at the bottom of the 
screen. The cross, with Zoom and Centr' functions can 
be used to investigate the behaviour of functions at 
specific points, for example, at maxima, inflections, 
36 
zeros and intersections of curves (see Figure 
3.3.5.3). 
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y:1 Scillc x:1 y:1 Dcrluc 2D plot 
Derive Full Screen 20-plot. 
The ability to quickly plot functions and to 
overlay graphs could be used to extend students' 
concepts of the behaviour of functions and 
particularly assist the transformational approach to 
graphing functions. 
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2: 
3: 
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y �IN lid 
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Derive Split Window Plot. 
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1: y �IN lx) 
2: y = SIN (3 x) 
3: y = TnN Cx) 
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Derive Split Window Plot Using Zoom 
to Investigate Intersections of Curves. 
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, ___________ ..,. _________________ _ 
1: CZ COS CO), 2 SIN (O)l 
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o:0.?8S3 y:1 Dcriuc 2Il plot 
Derive Parametric Plots. 
Two dimensional plotting is also available in 
polar and parametric modes (see Figure 3.3.5.4). The 
polar plots may be useful to transmit the concepts of 
complex numbers in polar form but individual complex 
numbers cannot be plotted. 
Three dimensional plots are displayed as a wire 
grid of lines connecting points calculated for the two 
variables. 
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(.ot'81&ffi�  (.cn-tcr &ye focd Grids nide Length Options Plot Quit Uindow 
l� 
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Center x:0 
Figure 3.3.5.5 
y:0 Lengtl1 x: 10 y:10 Dcriuc 3D plot 
Derive 3D-plot, z = SIN(x) + SIN(y) 
The width of the· grid can be varied but plots of high 
accuracy can be slow and may overload the available 
memory. The functions Centre, Length and Zoom control 
the intervals of x and y that are covered by the grid 
and the function may be replotted as viewed from a 
different eye position. This virtually allows the user 
to move the 'shape' about at will and assists a clear 
visualization of the behaviour of the function. 
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Figure 3.3.5.6 Derive 3D-plot, z = SIN(x) + SIN(y) 
Viewed From a Negative z-valued Eye Position. 
Individual point values can not be plotted. 
Derive is able to plot the discontinuous functions 
resident in the program but when plotting, the domain 
of the variable cannot be limited to form composite 
graphs of the form; 
y = X -• ( X ( 1 
y = 3x .... 2 1 S X ( .., 
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3.3.6 Conclusion on the Relevance of Derive to the 
Curriculum 
Derive can be used in almost all subjects within 
the courses. It will have little application in pure 
geometry and limited application in the study of 
data analysis, where it doesn't include functions for 
mode, quartiles, deciles, but it does have functions 
for mean, standard deviation, variance, and lines of 
best fit. The graphing capabilities do not provide the 
same degree of backup for concept formation in this 
area as in calculus, for instance, because of the 
inability to plot discontinuous data such as scatter 
diagrams or class frequency charts. 
Derive could be used in all other areas of the 
curriculum, either by teachers for classroom 
demonstrations, or as an interactive aid for students. 
However, the fact that the program could be used does 
not mean it will be. Even if the program is available 
on sufficient suitable computers in the classrooms 
there are other criteria that must be met before 
teachers are likely to introduce it to their teaching. 
The program must be perceived by teachers and students 
as providing educational benefits. 
3.4 Teachers' Perceptions of the Use of 
Computer Algebra Systems 
The eleven teachers who participated in the 
workshop and demonstration of Derive all currently 
taught upper school mathematics. The mean length of 
time these teachers had taught mathematics was 14.8 
years with a range from six months to 24 years. The 
number of teachers currently using a computer in their 
mathematics teaching was five; eight used a computer 
for other professional tasks and six of these eight 
felt comfortable using a computer (see Appendix 3). 
The questionnaire (see Appendix 2) contained four 
questions on each of five factors related to the 
introduction of computer algebra systems to 
mathematics teaching. Two of each of the four 
questions were phrased in a positive way, two 
negatively. The choice of response between Strongly 
Agree, Agree, Neutral, Disagree, or Strongly Disagree 
was rated from one to five where the higher score 
indicated a more positive attitude to the introduction 
of computer algebra systems. Considering the group as 
the unit of analysis, a total score of 33 indicated a 
neutral attitude on average, less than 33 an overall 
negative attitude or belief the introduction would be 
detrimental and a score greater than 33, a generally 
positive attitude or belief the introduction would be 
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advantageous. The reliability of the test, using only 
the multipoint objective items, was determined using a 
form of the Ruder-Richardson formula 20 to be 0.67. 
Table 3.4.1 
Questionnaire Response to Multipoint Objective Items 
Question Score • 
total Scores 1-5 
8 40 0.979 
9 47 0.445 
10 45 0.514 
11 44 0.490 
12 43 0.793 
13 34 0.996 
14 48 1.150 
15 44 0.853 
16 43 0.668 
17 36 1.052 
18 41 0.700 
19 27 1.076 
20 44 0.426 
21 35 0.833 
22 45 0.668 
23 32 0.996 
24 33 1.206 
25 29 0.979 
26 32 0.996 
27 44 0.426 
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Table 3.4.2 
Summary of Questionnaire Responses 
Factor Questions X 0 
Student learning 
outcomes 8, 11. 12, 24 40.00 4.301 
Students' 
attitude to math. 9, 14. 15. 20 45.75 l. 785 
Teaching methods 17, 18, 22, 27 41.50 3.500 
Curriculum/ 
assessment 16, 21, 25, 26 34.75 5.214 
Teachers' work 
load/ training 10, 13. 19, 23 34.50 6.576 
3.4.1 Student Learning Outcomes 
The response to questions relating to the effect 
of computer algebra systems on students' aquisition of 
mathematical skills and concepts indicated the 
teachers believed the introduction would be beneficial 
(see Table 3.4.2). Two particular questions (11 and 
12) addressed the issue raised by some educationalists 
that there may be a trade off between gains in 
mathematical concepts and loss of skills for students 
using computer algebra systems CHeid, 1988; 
Stoutemyer, 1979). The responses to these questions 
(see Table 3.4.1) indicated the teachers did not 
believe such a trade off need take place. The teachers 
interviewed later expressed concern that thought 
should be given to how computer algebra systems would 
be used to avoid this problem. One who saw a close 
parallel between computer algebra systems and the use 
of calculators in class said: 
It is a worry, because I still think they need to 
be able to do it without the aid of a computer to 
do these things, perhaps not to the same degree 
or the same type of questions that we might 
expect them to do now. It would be hard for it 
not to become a substitute completely I think, 
which in some cases the calculator has become for 
some kids •••• If it was designed to enable them 
to develop the concepts, to understand the 
concepts a little bit better rather than just the 
manipulations, that would be a good thing. It 
would have to be done carefully. 
Another teacher believed the way the teacher used the 
program would effect student outcomes: 
I think that would be up to the teacher, that 
this (the computer algebra system] is used 
solely as a teaching aid or, for ~tudents to use, 
the teacher would have to do a lot of 
consolidation, keep corning back to it {the 
skill}. It worries me because I am an older 
traditional type of teacher. I think the kids 
have still got to practise to see whether they 
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3.4.2 
can do all kinds of examples to be sure they 
understood, not just a couple of examples, yes I 
know what to do, and go ontu the next thing. 
Students' Attitude to Mathematics 
The response to th~ questionnaire (see Table 
3.4.2) showed the teachers believed computer algebra 
systems would allow mathematics to be made more 
relevant for students and increase their motivation to 
undertake mathematical activities. One of those 
interviewed gave the following reason: 
Another way of doing mathematics, getting to an 
endpoint. You can get to an endpoint a lot more 
quickly beause you can use the computer to help 
you get there. And I see that as a benefit in 
that they {students} may be able to get a bit 
more out of maths, make it a bit more realistic 
because you don't keep your answers so they work 
out conveniently. 
The other interviewee felt a computer algebra system 
would improve student initiative: 
Students will try to find out answers for 
themselves rather than just give them answers 
(sic). 
A? 
3.4.3 Teaching Methods 
The teachers believed computer algebra systems 
would have a positive effect on teaching methods. They 
saw the programs as versatile, with advantages over 
existing teaching methods for developing students' 
mathematical knowledge. Here also, one of the teachers 
interviewed saw a close correspondence with the 
introduction of calculators to teaching: 
what we teach and how we teach kids, how to 
multiply decimals and things like that has become 
a lot different because we don't need to get them 
to do all the routine stuff. I think it would 
affect it in much the same way, that we might 
sort of show them still how to factorise 
reasonably easy types of trinomials for example, 
but if this was integrated into the classroom 
fullyr they wouldn't have to do very complicated 
ones because it would be there to do that. I 
still think the concepts still need to be 
developed without the computer, just like you 
develop the concepts without the calculator. 
3.4.4 The curriculum and Assessment 
The response to whether the introduction of 
computer algebra systems would affect the curriculum 
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or assessment methods was close to neutral. The 
teachers indicated they strongly believed computer 
algebra systems would allow assessment items that 
concentrated on concept understanding (Question 16) 
but did not believe that changes in assessme~t would 
take place because these programs were introduced 
(Question .25). Teachers were almost neutral about 
school mathematics becoming technology-dependent if 
computer algebra systems were introduced, (Question 
21) and that there would be time savings made by using 
a computer algebra system that would allow curriculum 
changes (Question 26). 
The teachers interviewed were divided on whether 
the introduction of computer algebra systems would 
influence the curriculum. One thought it would, both 
in content and emphasis. In particular, the reduced 
time spent in class going through algebra would allow 
a lot more time to look at practical applications. The 
other teacher thought, and hoped, there would not be a 
change, believing that a curriculum should be based on 
what content is decided as necessary, not on any 
particular teaching aids available at the time. 
The teachers interviewed were also divided over 
the effect of computer algebra systems on assesssment. 
One teacher believed assessment would not change, the 
other felt students would be expected to show higher 
comprehension and application skills: 
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3.4.5 
Kids are expected to do some harder things 
because they've got the calculator now. Sort of 
the same thing would happen with the computer. 
They'd be expected to maybe read a harder 
question and be able to apply the computer 
algebra to a particular situation. 
Teachers• Workloads and Training Needs 
Teachers were almost neutral in their beliefs 
about the effects of the introduction of computer 
algebra systems on their work (see Table 3.4.2). On 
average they did not believe computer algebra systems 
would increase their workl0ad in lesson and assignment 
preparation (See Table 3.3.1; Question 19) and agreed 
strongly that a computer algebra system would allow 
them flexibility in lesson preparation (Question 10). 
They were divided almost equally on whether teachers 
could use a computer algebra system without training 
(Question 13) and on whether teachers had time to 
learn to use a computer algebra system (Question 23). 
The two recurrent issues mentioned by teachers at 
the end of the questionnaire were the need for more 
computer training or time allocated to learn packages, 
and sufficient suitable hardware. The teachers 
interviewed personally believed that disadvantagt!S 
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would result for them from their lack of familiarity, 
and feelings of insecurity with the classroom use of 
computers generally, not just these programs. This was 
seen as a problem that could be remedied for all 
existing teachers by inservice courses. New teachers 
entering the profession were expected to be familiar 
with computers from their training, but one 
interviewee expressed the concern that teachers 
nearing retirement may be unwilling to invest the time 
necessary to learn their use. 
The scores for individual teachers totalled over 
these twenty questions ranged from 59 to 90, with mean 
71.55 and sample standard deviation 9.63. A neutral 
response to all questions would give a score of 60. If 
the population is normal, given the small sample size, 
and the t distribution applies, this positive 
variation of the mean is statistically significant at 
~ = 0.005. Obviously it is unrealistic to weight all 
these questions equally, but the results show teachers 
have a generally positive attitude. 
It should be noted that the two most negative 
respondents missed one question each. For the purposes 
of these calculations one point was allocated for 
these questions, the most negative response possible. 
It was considered this offered the least risk of bias 
to the final results for two reasons: (a) the other 
answers from these respondents indicated a likely 
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negative answer; and (b) to remove the two most 
negative responses completely would have given the 
sample a positive bias. 
The results from questions 28 to 32 relating to 
how the teachers would personally apply a computer 
algebra system given a hypothetical suitable computer 
enviroment, were also positive. Most (eight) disagreed 
that they would use a computer algebra system for 
demonstration purposes only, and all except one, who 
was neutral, agreed or strongly agreed that they would 
encourage their students to use a computer algebra 
system. Teachers were more divided on whether they 
would set assignments requiring the use of a computer 
algebra system, six agreed or strongly agreed, three 
disagreed and two were neutral. Only one person agreed 
that he or she would not use a computer algebra system 
while assessment procedures remained the same and two 
were neutral. No teacher agreed that that they would 
never use a computer algebra system, although one was 
neutral. 
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CHAPTER 4 
CONCLUSION 
Computer algebra systems are currently available 
that are suitable for use on school computers and at a 
reasonable cost, and other packages are under 
development. Use can be made of computer algebra 
utilities in almost all areas of the upper school 
mathematics curriculum and the packages can provide 
the computer generated visual back-up suggested by 
the curriculum authors. Although the sample of 
teachers studied was very small, their attitude was 
generally positive, indicating support from staff for 
the introduction of the systems. 
The results of this study indicate that serious 
consideration of using computer algebra systems in 
upper secondary school should be undertaken now. 
However. if computer algebra systems are to be 
introduced, several further issues should be addressed 
to avoid possible pitfalls and to gain the greatest 
potential benefits from the programs. 
Further research should be undertaken into 
various methods of using computer algebra systems as 
teaching/learning aids. Initially this will need to 
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clarify if computer algebra systems do have 
educational benefits over existing teaching methods. 
If so~ studies will be needed to find the most 
effective ways of using the systems. Pro~.:rrammes should 
be developed to extend students intellectually~ not 
just do all the work for them. Mechanisms will be 
needed to disseminate the results of successful 
experiments to teachers and teacher training 
institutions (Churchhouse et al.~ 1986, p. 25). 
Assuming computer algebra systems do prove 
beneficial, the response of teachers to their 
introduction should be examined more closely. The 
sample used in this study was very small and the 
reliance on teachers prepared to cooperate with the 
study may have predisposed the sample towards more 
innovative teachers and reduced the validity of the 
results. A wider study could examine the ways 
teachers feel they could best be helped to become 
comfortable with computer algebra systems, for 
example, detailed training in the use of the system, 
or practical classroom exercises. If students are to 
use computer algebra systems interactively for problem 
solving and investigative learning, the teacher will 
need to take on the role of guide and advisor, rather 
than expositor. This will reduce the degree of control 
the teacher has over what happens in the classroom. 
For teachers who are unfamiliar with computers this 
will mean losing some security at the same time as 
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they are trying to learn new skills and cope with a 
technology that their students often understand better 
than they. This can be a very threatening situation 
for teachers and they should be given all the external 
support possible during the transition period 
(Churchhouse et al., 1986, p. 25). 
It became obvious during the practical sessions 
undertaken in this study, and from teachers' comments, 
that changes would be needed in classroom facilities 
before computer algebra systems would be used 
extensively. Teachers explained that one of the 
reasons they tended not to use computers was because 
it usually involved moving equipment to the classroom, 
or taking the class to the computers. To be effective 
for demonstration l.:!Se, a computer should be 
permanently available in each classroom, with a large 
display screen or overhead projection facilities. It 
would be preferable if the display could be in colour 
to make use of the visual representation of function 
facilities. If students are to use the system 
interactively, they should have indivirlual terminals 
in class and access out of class time to allow for 
investigation and extension activities. 
As technology is changing rapidly in this field, 
ongoing assessment will be needed of the capabilities 
and cost of calculators capable of symbolic 
manipulation. The portability of these machines would 
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give them advantages over computer algebra systems for 
indi1ridual student use. After a cursory examination 
the author felt these calculators were still too 
expensive and the output was often not simplified 
enough for secondary students, but this should be 
investigated more closely. The introduction of 
computer algebra systems should not be delayed, 
however, in the hope that suitable calculators will 
become available as we can have no firm guide as to 
how long that will take. 
Close parallels have been drawn between the 
introduction of calculators to the classroom and the 
introduction of computer algebra systems, although the 
latter are expected to have even more far-reaching 
effects on the teaching of mathematics (Kissane, 1989; 
Wilf, 1983). Already the potential of computer algebra 
systems demands their close consideration, in the long 
term their use may become so widespread they cannot be 
ignored. A rational approach by all involved in 
mathematics education now may allow the introduction 
of computer algebra systems to be less controversial 
than the introduction of calculators and allow the 
benefits of this technology to be passed on to 
students quickly and effectively. 
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APPENDICES 
ApPendix ! 
Derive Demonstration 
The following is the text of the modified 
Derive demonstration files administered to the 
teachers. Note: The comments preceded by ; appeared 
in the comment line at the bottom of the screen, while 
the numbered mathematical expressions following 
appeared in the central work area. In addition, the 
non-standard notation of powers of trigonometric 
functions is as displayed by Derive. 
; Does operations on numbers like a calculator 
5(9-3)/2 
5 (9 - 3) 
1: 
2 
2: 15 
; uses exact rational arithmetic 
1/2 + 1/6 
1 1 
3: + 
2 6 
2 
4: 
3 
PI + SIN (3/SQRT 3) 
3 
5: W + SIN [--n-J 
6: SIN (/"3) + n 
62 
I 
; Uses as many digits as necessary for exact arithmetic 
54! 
7: 54! 
8: 230843697339241380472092742683027581083278564571-
-a07941132288000000000000 
; Simplifies fractional powers 
(2/27)-(2/3) 
9: [ :7 t3 
10: 
2/3 
2 
9 
(1 + 2 #i) (3 + #i) 
11: (1 + 2 i) (3 + il 
12: 1 + 7 i 
; You can enter infinity as in£ and combine it with 
itself or numbers 
inf + inf + 5 
13: oo+oo+5 
14: DO 
63 
; Simplification can avoid unnecessary expans1on 
15: 
16: 
2 2 6 2 2 5 
- y ) 2 (x - y I - !x 
2 2 
(J-2y)(X 
2 5 
- y ) 
2 
(2 X 
- 31 
; Compound fractions a.re reduced to simple ones 
(1- (1-(y+111(x+y+111 I (1-xl(x+y+1111 I 
((y+ll-2- xI (1+xl(y-x+lll (x (y+lll(y-x+ll - xll 
y + 1 
1------
X + y + 1 
1 -
X 
1------
17: X + y + 1 
2 X 
[ X 
!y + 11 
(y + 11 
X y - X + 1 
1 + 
y - X + 1 
1 
18: 2 2 
X +X (y + 1) + (y + 1) 
Trigonmetric functions default to radians, 
special angles are simplified 
cos (1716 pil 
17 
19: cos (-
6
- n) 
20: - --
2 
64 
- X] 
; Use DEG to enter angles in degrees 
SIN 1-30 DEG) 
21: SIN I- 30 X) 
1 
22: 
2 
; Various Trig. identities are applied 
23: 
2 4 
( 1 - COS (X) ) 
2 5 
+ COS (X) ) 
8 
24: SIN lxl COS lx) 
2 3 2 
11 - SIN lx) l (SIN lxl 
6 
; LN is the principal natural logarithm, base 2.71828 .. 
LN 1 
25: LN Ill 
26: 0 
; Logarithms of nonnegative arguments are usually 
collected 
LN6-LN2 
27: LN (6) - LN 12) 
28: LN 13) 
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; Logarithms of perfect powers are simplified 
LN 16 I LN 8 
LN (16) 
29: 
LN (8) 
4 
30: 3 
; Logarithms can take complex arguments 
LN(1+#i) 
31: LN (1 + i) 
LN(2) in 
32: + 
2 4 
There are various simplifications for nonnumeric 
logarithms 
33: 
2 
LN ( < ) 
-2 
LN (X ) 
34: -1 
; LOG (x, b) is the logarithm of x to the base b 
3 
35: LOG (10 , 10) 
36: 3 
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; You can enter e-hat as #e 
#e-(3 X LN yl 
3 x LN (yl 
37: e 
3 X 
38: y 
; The base can also be a V3riable 
X + 1 X 
39: a - a a 
40: 0 
; Factorials are defined even for fractional and 
negative arguments 
(1/21 ! 
1 
41: [---;--] 1 
,rc n I 
42: 
2 
(- 1/21 
1 
43: [- ---;--]! 
44: ,r(nl 
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; There are factorial simplifications even for 
nonnumeric arguments 
(n+2) !/(n-1) ! 
(n + 2) t 
45: 
(n - 1) ! 
46: n ( n + 1) ( n + 2) 
; PERM (m, n) is the number of permutations of m things 
taken n at a time 
PERM (m, n) 
47: PERM (m, n) 
m! 
48: 
(m - n) ! 
; AVERAGE (zl, z2, ••• , zn) is the arithmetic mean of 
its arguments 
AVERAGE (x, y, z) 
49: AVERAGE (x, y, z) 
X + y + Z 
50: 
68 
; VAR (zl, z2, ••. , zn) 1s the variance of its 
arguments 
VAR (x, yl 
51: VAR (X, y) 
52: 
2 
(X - y) 
4 
; Computing the slope of x-3 via a limit from above 
3 3 
(x + h) - x 
53: lim 
h->0+ h 
2 
54: 3 X 
; A famous limit of an indeterminate 
LIM (SIN X I x, x, 0 ) 
SIN (X) 
55: lim 
x->0+ X 
56: 1 
; A limit aa x approaches infinity 
LIM (x-(1/x), x, inf) 
57: lim x 
x->""+ 
58: 1 
1/x 
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form 0/0 
; The limit of 1/x as x approaches ) from below 
LIM (1/x, x, 0, T) 
1 
59: lim 
x->0- x 
60: - ""' 
; The formula for the slope of x~3 
d 3 
61: - X 
dx 
2 
62: 3 X 
; An illustration of the chain rule 
DIF (sin ( x· 3) , X) 
d 3 
63: SIN <x ) 
dx 
2 3 
64: 3 X cos (x ) 
; A partial derivative 
DIF (x"2 y-3, y) 
d 2 3 
65: - X y 
dy 
2 2 
66: 3 X y 
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; A 5th-order Taylor polynomial expanded about x=O 
TAYLOR (#e-x, x, 0, 5) 
X 
67: TAYLOR Ul , x, 0, 5) 
5 4 3 2 
X X X X 
68: + + + + X + 1 
120 24 6 2 
; An antiderivative of x-2 with respect to x 
69: J x 2 dx 
3 
X 
70: 
3 
; An antiderivative by substituting a x-3 + b --> u 
71: J 2 3 x cos (a x + b) dx 
3 
SIN (a X + b) 
72: 
3 a 
71 
. A definite integral for X going from a to b 
' 
!NT ( x .... 2, x, a, b) 
b 
J 2 73: X d:< 
a 
3 3 
b a 
74: 
--
3 3 
; A 2-dimensional integral over a quarter disk 
!NT (!NT (x y, y, 0, SQRT (r-2- x-2)), x, 0, r) 
r 
J J x y dy dx 75: 0 
0 
4 
r 
76: 
8 
. The formula for the sum of successive cubes • 
SUM Ck~3, k, 0, n) 
n 3 
77: r k 
k=O 
2 2 
n (n + 1) 
78: 
4 
; The sum of an infinite series 
SUM (2--k, k, 0, infl 
- - k 
79: E 2 
k=O 
80: 2 
; The product of successive even integers 
PRODUCT (2 k, k, 1, nl 
n 
81: n 2 k 
k=1 
n 
82: n! 2 
; Generate a vector of squares 
VECTOR(x-2,x,1,10) 
2 
83: VECTOR Cx , x, l, 101 
84: [1, 4, 9, 16, 25, 36, 49. 64, 81, 100] 
; Generate the 3 by 3 identity matrix 
IDENTITY MATRIXC3l 
85: IDENTITY_MATRIX ( 3) 
[ 1 0 0 J 86: 0 1 0 0 0 1 
73 
; Matrix addition and multiplication by scalar 
2*[[a, 21. [3, b!J+Il1, 31. Ia, -bl! 
88: [ 
2 a + 1 
a + 6 
; Dot product (inner product) of two vectors 
[2, a, 5J.[2*a, 3, -11 
89: 12, a, 51 y 12 a, 3, -11 
90: 7 a - 5 
: Cross product of two vectors 
CROSS( [1, 2, 31. [a, b, cl) 
91: CROSS ( [1. 2, 31. [a, b, c)) 
92: 12 c - 3 b, 3 a- c, b- 2 a] 
; Determinant of a square matrix 
DET [ [ 1, a, a, a!. [ 1, X' a, a]. 11. a, x, a!. 
[ 1, a, a, X I I 
1 a a a 
1 X a a 
93: DET 
1 a X a 
1 a a X 
3 2 2 3 
94: X - 3 a X + 3 a X - a 
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; Using an inverse matrix to solve the system 
a x + b y = e, c x + d y = f 
[[a, b), [c, d]J"(-l).[[e], lfll 
95, [ : : r y [ : J 
96: 
d e - b f 
a d - b c 
a f - c e 
a d - b c 
; Reduce matrices to row eschelon form 
ROW_REDUCE([[2, 4], [3, 6]], [[6], [9]]) 
97: 
98: 
ROW_REDUCE 
[ ~ 2 0 
[[ 23 
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Reduce Hands-on Exercises 
The teachers each undertook the following 
sequence using the functions indicated and the arrow 
and function keys to manipulate expressions. 
Input an expression us1ng Author. 
Used soLve to solve the expression for x. 
Found the definite integral of the expression between 
the values of x using Author and F4 to enter the 
expression in the INT command, then Simplify. 
Entered the expressions SIN(x) and COS(x) then used 
Build to enter SIN(x}-2 + COS(x)-2, simplifying 
automatically by using CTRL ENTER. 
Cleared this work from screen and memory using Remove. 
Loaded a new file of examples for factoring from 
memory using Transfer~ Load. 
Factored the examples in various ways using the 
factoring choices: 
Trivial Squarefree Rational raDicals Complex. 
Loaded a file of expressions and used Plot to perform 
two and three dimensional plots. 
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Appendix 2 
The Questionnaire Administered To Teachers 
QOESTIONNAIRE 
1. Do you currently use a computer in your 
mathematics teaching? 
2. Do you use a computer for other professional or 
personal tasks? 
3. Do you consider yourself comfortable with using 
a computer? 
4. Are you currently 
mathematics? 
5. Have you 
mathematics? 
previously 
teaching upper-school 
taught upper-school 
6. For how many years have you taught mathematics? 
7. For how many years have you taught upper­
school mathematics? 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Yes __ No __ 
Years __ _ 
Years __ _ 
The following questions are related to concerns about computer algebra 
systems. Circle one of the following. 
SA strongly agree 
agree 
neutral 
D disagree 
SD strongly disagree. 
8. Using a computer algebra system will reduce 
the time students spend practicing 
algebraic manipulations. 
9. Students will lose their motivation to 
perform mathematics if they see it being 
done by a computer. 
10. A computer algebra system will allow 
teachers flexibility in lesson preparation. 
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SA A N D 
SA A N D 
SA A N D 
SD 
SD 
SD 
11. A computer algebra system could be used to 
develop students' mathematical concepts. 
12. Students who use a computer algebra system 
will not learn necessary skills. 
13. Mathematics teachers can use computer 
algebra systems without computer training. 
14. The mathematical problems given to students 
can be more 'real' when they are not 
restricted to easily calculated numbers. 
15. Students should be introduced to computer 
algebra systems because they are the tools 
of mathematicians. 
16. Assessment items could be set that 
concentrated on concept understanding if 
students were allowed to use a computer 
algebra system to perform algebraic 
manipulations. 
17. There is an unacceptable risk of confusing 
students when the answers returned by a 
computer algebra system can involve 
functions beyond the scope of school 
mathematics. 
18. Computer algebra systems are a versatile 
software package for school mathematics. 
19. Computer algebra systems will increase 
teachers' work loads in planning lessons 
and assignments. 
20. Students who derive satisfaction from 
successfully performing algorithms 
themselves will enjoy mathematics less if 
they use a computer algebra system. 
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SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
SA A N D SD 
21. If the use of computer algebra systems is 
allowed to influence the curriculum school 
mathematics will become technology 
dependent. 
22. The interactive nature of computer algebra 
systems can be utilised to give students 
more challenging investigations. 
23. Teachers do not have time to learn to use a 
computer algebra system. 
24. Computer 
for use 
levels. 
algebra systems are not 
with students of all 
suitable 
ability 
25. If computer 
changes in 
place. 
algebra systems are used 
assessment will need to 
then 
take 
26. The time saved using computer 
systems will allow the curriculum 
updated. 
algebra 
to be 
27. A computer algebra system has no advantage 
over existing teaching methods for the 
development of students' mathematical 
knowledge. 
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SA 
SA 
SA 
SA 
SA 
SA 
SA 
A N D SD 
A N D SD 
A N D SD 
A N D SD 
A N D SD 
A N D SD 
A N D SD 
For the following questions assume you are teaching in a situation 
here a computer algebra system and sufficient suitable computers are 
available to use for class demonstration or for individual student 
access. If and how you actually use the computer algebra system, and 
the amount of student access allowed is your decision. 
28. I would use a computer algebra system for 
demonstation purposes only. 
29. I would encourage my students to use a 
computer algebra system. 
30. I would set assignments or investigations 
that required my students to use a computer 
algebra system. 
31. I will not use a computer algebra system 
while assessment proceedures remain the 
same. 
32. I will never use a computer algebra system. 
* * * * 
SA 
SA 
SA 
SA 
SA 
* * 
Other comments or issues you feel should be addressed. 
Thank you for your cooperation. 
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A N D 
A N D 
A N D 
A N D 
A N D 
SD 
SD 
SD 
SD 
SD 
Appendix 3 
Result6 of ~estionnaire 
Question 
1. Do you currently use a computer 
in your mathematics teaching? 
2. Do you use a computer for other 
professional or personal tasks? 
J. Do you consider yourself 
comfortable with using a 
computer? 
4. Are you currently teaching 
upper-school mathematics? 
5. Have you previously taught 
upper-school mathematics? 
6. For how many years have you 
taught mathematics? 
7. For how many years have you 
taught upper-school mathematics? 
6. Using a computer algebra system 
will reduce the time students 
spend practicing algebraic 
manipulations. 
'· 
Students will lose their 
motivation to perform 
mathematics if they 
'"" 
it being 
done by a computer. 
10. A computer algebra system will 
allow teachers flexibility io 
lesson preparation. 
Response 
Number of reponses 
'"' 
No 
5 6 
' 
3 
6 5 
11 0 
10 1 
Number of years 
X • 
14.82 6.548 
10.89 6. 090 
Scores 
Number of reponses X • 
SA A N 0 so 
1 7 2 0 1 3.64 0.979 
SA A N 0 so 
0 0 0 a 3 4.27 0.445 
SA A N 0 so 
2 
' 
1 0 0 4.09 0.514 
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Total 
40 
47 
45 
Question 
u. A computer algebra system could 
be used to develop students' 
mathematica 1 concepts. 
12. Students who usc a computer 
algebra system will not learn 
necessary skills. 
13. Mathematics teachers oan use 
computer algebra systr.ms without 
computer training. 
14. The mathematical problems given 
to students can be more 'real' 
when they are not restricted to 
easily calculated numbers, 
15. Students should be introduced to 
computer algebra systems because 
they are the tools of 
mathematicians. 
16. Assessment items could be aet 
that concentrated on concept 
understanding if students were 
allowed to use a computer 
algebra system to perform 
algebraic manipulations. 
17. There ia 
"" 
unacceptable risk 
confusing students when tho 
answers returned by a compute.-
algebra system can involve 
functions beyond the scope of 
school mathematics. 
18. Computer algebra systems are a 
versatile software package for 
school mathematics. 
of 
Response 
Scores 
Number of reponses X 0 Total 
SA A N 0 so 
4 6 0 0 0 4. 40 o. 490 44 
Sll A N 0 so 
0 1 1 7 2 3.91 0.793 
SA A N 0 so 
0 6 0 5 0 3. 09 o. 996 34 
SA A N 0 so 
7 3 0 0 1 4. 36 1.150 
" 
SA A N 0 so 
3 6 1 1 0 4.00 0.653 44 
SA A N 0 "0 
2 6 3 0 0 3.91 0.668 43 
SA A N 0 so 
1 1 4 4 1 3.27 1.052 36 
SA A N 0 so 
3 5 2 0 0 4.10 0.700 41 
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Question 
19. Computer algebra systems will 
increase teachers' work loads io 
planning lessons aod 
assignments. 
20. Students who derive satisfaction 
from successfully performing 
algorithms them'>elves "i I I enjoy 
mathematics less if they 
""' 
a 
computnr algehr·• .;ystf!m. 
21. If the use of computer algebra 
systems ie allowed to influence 
the curriculum school 
mathem<1tics will becomt> 
technology dependent. 
22. The interactive nature of 
computer algebra systems can be 
utilised to give students more 
challenging investigiltions. 
23. Teachers do not have time to 
learn to use a computer algebra 
uystem. 
24. Computer algebra systems are not 
suitable for use with students 
of <111 ability levels. 
25. If computer algebra systems 
'" used then changes io assessment 
will need to take place. 
26. The time saved using computer 
algebra systems will allow the 
curriculum to be updated, 
Response 
Scores 
Number of reponses X 
' 
Total 
SA A N 0 so 
2 5 3 a 2.46 1.076 27 
SA A N 0 so 
a 0 9 1 4.00 0. 426 44 
SA A N 0 so 
0 3 3 5 0 3.18 0.833 35 
SA A N 0 so 
3 6 2 0 0 4.09 0.668 45 
SA A N D so 
a 5 3 2 1 2.91 0.996 32 
SA A N 0 so 
1 
' 
1 
' 
1 3.00 1.206 33 
SA A N 0 so 
1 5 2 3 0 2.64 0. 979 29 
SA A N 0 so 
a 
' 
3 3 1 2.91 0. 996 32 
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Question Response 
Number of reponses 
27. A computer algebra system 
"'' "' advantage over existing teaching SA A N 0 so 
methods fo< the development of 
students' mathematical 0 0 1 
' 
1 
knowledge. 
Questions relatin<J to the teacher's uoe of a computer 
iru a situation without hardware 
Question 
"· 
I would use a computer algebra 
system fo< demonstation purposes 
only. 
29. I would encourage my students to 
uoe • computer algebra system • 
30. I would oet assignments O< 
investiqations that required my 
students to 
"" 
a computer 
alg .. bJ:"a system. 
31. I will not use a computer 
algebra system while assessment 
pro~;eedures l"emain the same. 
32. I will never use a computer 
algeb::a syst.em .. 
• 
restrictions. 
Response 
Number of reponses 
SA A N 0 so 
0 2 0 8 1 
SA A N 0 so 
3 7 1 0 0 
SA A 
" 
0 so 
1 5 2 3 0 
SA A 
" 
0 
0 1 2 7 1 
SA A 
" 
0 so 
0 0 1 8 2 
• • 
84 
Scores 
X 
' 
Total 
4.00 0,426 44 
algebra system 
Scores 
X 
' 
Score 
3.73 0.662 41 
4.16 0.575 44 
3.36 0.979 37 
3.7J 0,750 
4.09 0.514 
Appendix 4 
Suppliers and Prices of Computer Algebra Systems. 
Maple 
Maple is available from: 
Ms. Marta Gannet 
Waterloo Maple Software 
608 Weber St. N. 
Waterloo, Ontario 
Canada N2V-1K4 
Telephone: (519) 747-2373 
The price for the Macintosh version for a single 
licence is $495. Site licences are required to run 
Maple on a network, the cost being dependent on the 
number of CPU's. The cost is calculated by: 
number of CPU's = 2A(n-l), 
where n is the number of individual licence fees 
charged. For example, a site licence for nine to 
sixteen CPU's would cost four times a single licence 
fee. 
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Mathematica 
Mathematica is available in Australia from: 
PICA 
38 Ardoch Street 
Essendon Vic. 3040 
Telephone: (03) 370 3566 
The prices and memory requirements of Mathematica vary 
for the different versions. On Apple machines 2.5 
megabyte of memory is required with four megabyte 
recommended. The price for the Mac plus and SE is 
$965, for the Mac II the price is $1535. On MS-DOS 
systems one megabyte of expa~ded memory is required 
and the pr2ce for a 80386 machine with no coprocessor 
is $1345. 
Reduce 
The price of Reduce is (US)$500. Various versions 
have different memory requirements and are available 
from different suppliers. The StaffLisp/68000 version 
for Macintosh and StaffLisp/86 for PC/MS-DOS machines 
witn at least 640KB of main memory are available from: 
B U G, Inc. 
31-33, Shimonopporo 
Atsutsu-cho 
Shiroishi-ku 
Sapporo 004, JAPAN 
Telephone: (011) 807-6666 
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Further information on versions currently available 
can be obtained from: 
Derive 
The Rand corporation 
1700 Main Street 
Santa Monica, CA. 90406-2138 
Telephone: 12131 393-0411. 
The price of Derive is $285. Site licences are 
not available at this stage. In Australia Derive is 
available from: 
Ed soft 
P.O. Box 314 
Blackburn 
Victoria 3130 
Telephone: 1031 878 4899 
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